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The Aboriginal communities in Canada are challenged by a disproportionate burden of TB infection and 
disease. Contact investigation (CI) guidelines exist but these strategies do not take into account the unique 
social structure of different populations. Because of the limitations of traditional CI, new approaches are 
under investigation and include the use of social network analysis, geographic information systems and 
genomics, in addition to the widespread use of genotyping to better understand TB transmission. Guidelines 
for the routine use of network methods and other novel methodologies for TB CI and outbreak investigation 
do not exist despite the gathering evidence that these approaches can positively impact TB control efforts, 
even in Aboriginal communities. The feasibility and efficacy of these novel approaches to CI in Aboriginal 
communities requires further investigation. The successful integration of these novel methodologies will 
require community involvement, capacity building and ongoing support at every level. The outcome will not 
only be the systematic collection, analysis, and interpretation of CI data in high-burden communities to assess 
transmission but the prioritization of contacts who are candidates for treatment of LTBI which will break the 
cycle of transmission. Ultimately, the measure of success will be a clear and sustained decline in TB incidence 
in Aboriginal communities. 
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Although Canada is considered a low tuberculosis 
(TB) incidence country, TB affects Aboriginal 
persons living on and off reserve with reported 
rates far greater than that of the overall population (1). 
The burden of TB in Aboriginal conununities is not 
uniform across the country, and it often involves multiple 
inter- related medical and social issues (2). These issues 
include community-level factors such as geographic 
isolation, inadequate housing, underemployment, and 
limited access to health care, in addition to individual- 
level risk factors such as chronic diseases (e.g. diabetes), 
substance use and mental health issues (2,3). Elevated 
rates of TB in some communities reflect recent transmis- 
sion and outbreak activity, as well as reactivated disease 
from a large background pool of historic latent TB 
infection (LTBI). 

In Canada, the public health priority has shifted away 
from active case management alone towards focused 



contact investigation (CI) as the principal method to 
identify people who have been exposed to TB, to evaluate 
these people for active TB (acquired through either 
"upstream" or "downstream" transmission with respect 
to the index case), and LTBI, and to provide appropriate 
treatment (4,5). Persons recently infected with TB are at 
increased risk of developing active disease and treatment 
of LTBI can prevent this occurrence and subsequent 
transmission (4). Combining these activities with effec- 
tively targeting those at greatest risk for progression to 
active TB once infected (e.g. persons with HIV infection) 
should reduce TB incidence. 

Despite targeted testing and enhanced surveillance 
efforts, national TB rates have generally reached a plateau 
in Aboriginal persons though in some areas, incidence is 
rising, particularly in more remote Northern commu- 
nities (1). Successful CI, which includes the treatment of 
latent TB in infected contacts, is extremely important in 
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Aboriginal communities because of the disproportionate 
burden of disease. Novel approaches to CI, as a means to 
better identify and treat those contacts with TB infection, 
as well as contacts who may actually have active disease, 
may lead to improvements in TB control efforts in 
communities. 

Tuberculosis contact investigations 

Guidelines and evidence base for tuberculosis 
contact investigations 

Present CI practices are based upon consensus expert 
opinion and originated from the advent of available and 
effective treatment for TB and LTBI (6-8). Strategies for 
the evaluation of contacts have historically given priority 
to close, household contacts or those at greatest risk for 
infection (e.g. young children) or progression to active 
disease (e.g. HIV infected persons). The closeness of 
contact has been defined by the amount of time spent in a 
shared airspace per week with minimal emphasis on 
specific environmental or social factors. Expanding the 
screening circle to non-household, casual and community 
contacts often depends on the results of initial tuberculin 
skin testing (TST) screening in close contacts. 

It is well known that TB transmission also depends on 
the period and level of infectiousness (e.g. smear status, 
chest radiograph findings) of the source case as well as 
the environment (e.g. large open space with good 
ventilation vs. small enclosed space) in which exposure 
occurs. While contact vulnerability and other risk factors 
play a key role in TB infection and subsequent disease, 
the determination of a precise infectious period, which 
ultimately influences the prioritization of contacts, re- 
mains difficult in many cases. National and international 
guidelines on tuberculosis CI are available and vary 
widely on recommendations though none are specific to 
Aboriginal communities (6-8). However, the challenges 
of contact tracing within marginalized groups or in 
remote communities, are acknowledged in all. 

Challenges with present tuberculosis contact 
investigation strategies 

Several limitations in CI have been documented including 
issues with contact identification, screening completion 
and LTBI treatment initiation and completion (9,10). 
These problems are amplified in certain vulnerable 
groups, such as homeless and other marginalized persons. 
Conventional CI relies on a person knowing all of their 
contacts and their willingness to share their contacts 
names, and does not easily account for contacts of highly 
mobile persons, especially when their daily activities do 
not follow a fixed permanent routine, or in transient 
circumstances. Standard practice has often focused on the 
person alone, ignoring the role that non-traditional 
environments (e.g. non-household places of social 



aggregation) and casual contacts play in the transmission 
of TB (11). Although locations are important factors in 
TB transmission, the routine use of location-based screen- 
ing is not widespread. Also, approaches to eliciting 
contacts are generally unstructured and rely on histories 
gathered by health care workers with different levels of 
contact interview experience (12). Finally, the completion 
of LTBI treatment, one of the main reasons to do CI in the 
first place, remains a significant barrier both within and 
outside of communities. 

Tuberculosis contact investigation in Aboriginal 
communities 

Published literature on routine CI in Aboriginal commu- 
nities is limited. Detection of LTBI in Aboriginal 
communities is often done through local community 
screening and surveillance programs. Given the burden 
of TB in Aboriginal communities, one can argue that 
successful completion of CI is a very important public 
health measure. Anecdotally, there are inherent chal- 
lenges to conducting effective CI in some settings 
including community isolation, language and cultural 
barriers, as well as the social stigma associated with TB. 
Human power and resource shortages also represent an 
important challenge in Aboriginal health as there is often 
no permanent or full-time nurse available in a given 
community to implement TB programming. Also, access 
to the internet and up to date information technology is 
not always available in community. Other responsibilities 
that extend beyond TB (e.g. HlNl pandemic planning) 
can impact a nurse's ability to provide recommended TB 
programming. Further, CI often involves generating long 
lists of persons identified for evaluation and subsequent 
follow up, and tracking of contacts quickly becomes 
cumbersome. Incomplete and inadequate CI leads to 
missed opportunities to identify secondary active cases 
and ensure the identification and treatment of infected 
contacts, both of which can limit the cycle of transmis- 
sion and lessen the burden of TB. Successful treatment of 
LTBI is the main purpose of contact tracing. The 
importance of treating infected contacts cannot be over- 
emphasized though is not the focus of this discussion. 

Newer methodologies available for use in 
tuberculosis contact investigations in 
Aboriginal communities 

Due to the limitations of routine CI and the negative 
consequences of inadequate CI, new approaches are 
under investigation, and in some cases in use, to ensure 
effective TB control in those persons and communities at 
greatest risk. A recent publication detailed some of these 
newer methodologies in the context of TB contact tracing 
in low prevalence (e.g. developed) countries including 
social network analysis (SNA), geographic information 
systems (GIS) and genomics (13). How these approaches 
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could be implemented in Aboriginal communities facing 
a significant burden of TB is not yet clear and requires 
investigation. A thorough examination of each metho- 
dology is out of the scope of this manuscript but a brief 
description of how these novel methodologies have 
facilitated TB control in Aboriginal communities to 
date is outlined below. It should be emphasized that 
routine or traditional CI is always indicated for infectious 
TB cases and that the expectation is that additional 
resources should be sought to implement newer methods. 

Social network analysis 

The success of a network-informed approach to CI in 
sexually transmitted infections (STIs) led to its use in TB 
control, in particular for its potential to identify how TB 
cases are connected to one another and to identify and 
prioritize contacts for evaluation (14,15). Social network 
methods, alone and in combination with conventional 
and molecular epidemiology, have been used to examine 
TB clusters and outbreaks both retrospectively and 
prospectively in both Aboriginal and non-Aboriginal 
settings (16-23). Network methods have also clearly 
documented that locations are key to the evaluation of 
TB transmission. Focusing on locations and location- 
based contacts has been shown to link cases and contacts 
which otherwise do not fit the traditional expectations of 
contact interactions (23). With respect to Aboriginal TB 
control, network analysis has helped to understand 
outbreak boundaries, locations of transmission and the 
risk of TB in contacts in remote communities in 
Manitoba. These methods were also used to investigate 
a developing TB outbreak involving Aboriginal persons 
living on and off reserve in British Columbia, as well as a 
northern shelter outbreak (V. Cook, UBC. Verbal com- 
munication. Shah L, PhD Student, McGill University. 
2011 May 1). 

Geographic information systems 

Geographic information systems (GIS) and global posi- 
tioning systems (GPS) are tools used to visualize data 
involving distance and location. These techniques have 
been used to examine the distribution of TB cases, risk 
factors for acquiring disease, and the relationship of TB 
to the surrounding environment and health care system 
(24-26). In lower incidence settings, TB rates are most 
often attributed to immigration patterns. However it is 
interesting to note that investigators have clearly demon- 
strated that it is the deprivation of certain ethnicities, not 
only high prevalence immigration backgrounds, which 
influences TB disease rates (24). There are no published 
studies looking at GIS/GPS specifically in Aboriginal 
communities. However, the results available to date, 
particularly where they relate to the determinants of 
health, may be highly relevant and applicable in some 
communities. 



Genomics 

Current molecular epidemiology methods for investigat- 
ing TB include simple DNA fingerprinting techniques 
such as RFLP/PFGE and more advanced techniques 
based on sequencing, such as MIRU-VNTR. While these 
methods can readily identify clusters of related cases, they 
cannot provide further detail, such as the resolution of 
individual transmission events within a cluster. Rapid 
advancements in DNA sequencing technology have made 
whole genome sequencing of bacteria like Mycobacterium 
tuberculosis quite tractable - a genome can be sequenced 
in as little as 1 day for $50-S250 - and the resulting data 
can now be used to understand transmission dynamics at 
a much higher resolution. In a recent TB outbreak 
investigation involving Aboriginal persons, genomic 
data from the outbreak organisms was able to identify 
transmission events, individuals acting as superspreaders, 
and confirm parallel related, yet distinct, outbreaks 
within the community (27). This investigation integrated 
clinical data, social network analysis and genomics to 
better characterize a TB outbreak that had significantly 
affected community members. It also confirmed that 
social factors played a larger role in the outbreak than 
organism virulence or ethnicity. 

Recommendations for the integrating novel 
approaches to tuberculosis CI In Aboriginal 
communities 

The feasibility and efficacy of network methods and other 
novel approaches to CI in Aboriginal communities is 
unknown but it will be important to develop multi- 
disciplinary initiatives to enhance the understanding of 
TB in Aboriginal populations using available technolo- 
gies. A systematic and coordinated approach to CI, both 
in outbreak and non-outbreak settings and across 
jurisdictions (e.g. both on and off reserve), will be 
essential to integrate these novel approaches and 
strengthen TB control efforts. GIS/GPS, molecular and 
conventional epidemiology, social networks and geno- 
mics will likely all play an important role in facilitating 
TB CI and further understanding of TB transmission in 
Aboriginal populations. 

It must be emphasized that novel methods are meant 
to supplement and not supplant routine activities. 
Success depends on a strong foundation of routine 
contact tracing in community which relies on community 
buy-in, the interview skills of local health care workers, as 
well as dedicated resources to undertake thorough 
contact evaluation and follow-up. Efforts should be 
made to develop contact tracing interview tools that are 
culturally sensitive or adapt those in use for Aboriginal 
communities whether network methods, or other novel 
approaches, are in use or not. 

Key recommendations were detailed in a recent pub- 
lication on novel approaches to TB CI and are relevant to 
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their use in Aboriginal communities (13). These recom- 
mendations focused on questionnaire development 
and adaptation, electronic data management and soft- 
ware needs, capacity building and coordinated consul- 
tant expertise. In the absence of local expertise in every 
jurisdiction, governing bodies should identify and 
train epidemiologists and analysts to integrate these 
novel techniques into standard CI practice. It has been 
suggested that these "TB epidemiology speciaHsts" 
act as expert consultants to support CI activities in 
the field. For example, this position could support 
the development of dedicated teams or units that facil- 
itate network and other novel methods for TB CI 
across the country to complement the work of field 
epidemiologists. 

Future directions 

There are many important areas for further investiga- 
tion in the use of novel methodologies to support TB 
control in Aboriginal communities. Given that SNA has 
been successfully implemented in some communities 
with a higher burden of TB disease, a research plan 
might choose to focus on ensuring the approach is 
systematic and applicable to most groups. Future 
research has been detailed previously in the literature 
(13). Key areas include: the development and vahdation 
of a network-informed CI interview tool; the type, 
extent and use of CI data collected, including places 
of social aggregation; infrastructure needs and available 
local expertise; and the utility, feasibility and evaluation 
of coordinated approaches that use one or more novel 
methodologies. To successfully integrate these newer 
methodologies to TB CI in Aboriginal communities, it 
will be imperative to: 

(a) Develop culturally sensitive and appropriate inter- 
view tools that can be adapted for and in consulta- 
tion with Aboriginal populations 

(b) Determine the presently available infrastructure in 
Aboriginal communities and determine those com- 
munities that may benefit from integrating novel 
methodologies 

(c) Support capacity building by facilitating basic CI 
training for health care professionals working in TB, 
particularly for those working in high incidence 
communities 

(d) Determine if SNA and other methodologies (either 
alone or in combination) are feasible, useful and cost 
effective to supplement TB CI in Aboriginal com- 
munities both in routine (up front) use or during 
outbreak investigation 

(e) Evaluate potential deployment strategies in Abori- 
ginal communities 

(f) Develop a network of experts both locally and 
nationally for communities to access for support in 



implementing novel CI strategies, and to support the 
systematic collection and analysis of CI outcomes 
using these novel techniques 

From the available data, it seems clear that novel 
approaches to CI may enhance TB control efforts in 
Aboriginal communities. Specific deployment strategies 
have been discussed in the literature and can be adapted 
for use in Aboriginal communities (13). A network- 
informed approach to TB CI, which could begin with 
social network analysis, should be considered in, but not 
limited to, the following circumstances: 

(a) Outbreak scenarios or in communities with a con- 
tinuing high incidence or burden of TB cases 
(endemic TB) 

(b) Sporadic (non-outbreak) TB cases if the source is 
highly infectious or marginalized, or is diagnosed in 
a community challenged by social determinants of 
health 

(c) Smear positive case and/or culture positive respira- 
tory TB cases, if no clear single source is identified 

(d) Clustered cases (in the sense of time and place) 
before genotyping results become available, espe- 
cially if no single source is identified or in small, 
geographically isolated communities where there has 
been historical documentation of consistent geno- 
type(s) 

(e) Pediatric TB or pleural TB (e.g. primary TB reflect- 
ing recent transmission) if no clear single source is 
identified 

Conclusions 

The Aboriginal communities in Canada are challenged 
by a disproportionate burden of TB infection and 
disease. Contact investigation (CI) guidelines exist but 
these strategies do not take into account the unique 
social structure of different populations. The incidence 
of TB disease in Aboriginal people living on and off 
reserve will not decUne in the absence of effective 
and organized CI. GuideUnes for the routine use of 
network methods and other novel methodologies for 
TB CI and outbreak investigation do not exist despite 
the gathering evidence that these approaches can 
positively impact TB control efforts, even in Aboriginal 
communities. The feasibility and efficacy of these 
novel approaches to CI in Aboriginal communities 
requires further investigation. Work that has already 
taken place in communities requires analysis and 
dissemination. The successful integration of these 
novel methodologies will require community involve- 
ment, capacity building and ongoing support at every 
level. The outcome will not only be the systematic 
collection, analysis, and interpretation of CI data in 
high-burden communities to assess transmission but the 
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prioritization of contacts who are candidates for treat- 
ment of LTBI which will break the cycle of transmis- 
sion. Ultimately, the measure of success will be a clear 
and sustained decline in TB incidence in Aboriginal 
communities. 

Acknowledgements 



The authors wish to thank Annie-Claude Bourgeois for her input 
and careful review of this manuscript. 

Conflict of interest and funding 

The authors equally contributed to the manuscript and no 
conflicts of interest are noted. The authors have no financial 
conflicts or other disclosures of interest relating to this 
work. 

References 



1 . Public Health Agency of Canada. Tuberculosis Prevention and 
Control. Case Reporting - Tuberculosis in Canada (1996- 
2008). Ottawa: Public Health Agency of Canada; 1996-2008 
[cited 2011 May 01]. Available from: http://www.phac-aspc.gc. 
ca/tbpc-latb/surv-eng.php. 

2. Public Health Agency of Canada. Tuberculosis in Canadian- 
born Aboriginal Peoples, Special Report of the Canadian 
Tuberculosis Committee. Ottawa: Public Health Agency of 
Canada; 2002 [cited 2011 May 01]. Available from: http:// 
www.phac-aspc.gc.ca/publicat/tbcbap-tbpac/special_report-eng. 
php. 

3. Clark M, Riben P, Nowgesic E. The Association of housing 
density, isolation and tuberculosis in Canadian First Nations 
communities. Int J Epidemiol. 2002;31:940-5. 

4. American Thoracic Society and Centers for Disease Control 
and Prevention. Targeted tuberculin testing and treatment of 
latent tuberculosis infection. Am J Respir Crit Care Med. 
2000;161(Suppl 4 Pt 2):S221-S47. 

5. American Thoracic Society; Centers for Disease Control and 
Prevention; Infectious Diseases Society of America. American 
Thoracic Society/Centers for Disease Control and Prevention/ 
Infectious Diseases Society of America: Controlling Tuber- 
culosis in the United States. Am J Respir Crit Care Med. 
2005;172:1169-227. 

6. Tannenbaum TN, Yuan L, Wallington T. Contact follow-up 
and outbreak management in tuberculosis control. In: Long R, 
Ellis E, editors. Canadian Tuberculosis Standards. 6th edition. 
Canadian Lung Association, Canadian Thoracic Society and 
Tuberculosis Prevention and Control Centre for Infectious 
Disease Prevention and Control, Public Health Agency of 
Canada; 2007. p. 251-273. [cited 2011 May 01]. Available 
from: http://www.phac-aspc.gc.ca/tbpc-latb/pubs/tbstand07-eng. 
php. 

7. National Tuberculosis Controllers Association; Centers for 
Disease Control and Prevention (CDC). Guidelines for the 
investigation of contacts of persons with infectious 
tuberculosis. Recommendations from the National Tuber- 
culosis Controllers Association and CDC. MMWR Recomm 
Rep 2005;54:1-47. 

8. National Collaborating Centre for Chronic Conditions. 
Tuberculosis: clinical diagnosis and management of tubercu- 
losis, and measures for its prevention and control. London: 
Royal College of Physicians, 2006. p. 1-63. 



9. Reichler MR, Reves R, Bur S, Thompson V, Mangura BT, 
Ford J, et al. Evaluation of investigations conducted to 
detect and prevent transmission of tuberculosis. JAMA. 
2002;287:991-5. 

10. Marks SM, Taylor Z, Quails NL, Shrestha-Kuwahara RJ, 
Wilce MA, Nguyen CH. Outcomes of contact investigations of 
infectious tuberculosis patients. Am J Respir Crit Care Med. 
2000;162:2033-8. 

11. Asghar RJ, Patlan DE, Miner MC, Rhodes HD, Solages A, 
Katz DJ, et al. Limited utility of name-based tuberculosis 
contact investigations among persons using illicit drugs: re- 
sults of an outbreak investigation. J Urban Health. 2009;86: 
776-80. 

12. Veen J. Microepidemics of tuberculosis: the stone in the pond 
principle. Tuberc Lung Dis. 1992;73:73-6. 

13. Cook VJ, Shah L, Gardy J, Bourgeois AC. Recommendations 
on modern contact investigation methods for enhancing 
tuberculosis control. Int J Tuberc Lung Dis. 2011 Dec 2. 
[Epub ahead of print]. 

14. Klovdahl AS. Social Networks and the spread of infec- 
tious diseases: the AIDS example. Soc Sci Med. 1985; 
21:1203-16. 

15. Rothenberg RB, McElroy PD, Wilce MA, Muth SQ. 
Contact tracing: comparing the approaches for sexually 
transmitted diseases and tuberculosis. Int J Tuberc Lung Dis. 
2003;7(Suppl 3):S342-S8. 

16. McElroy PD, Rothenberg RB, Varghese R, Woodruff R, 
Minns GO, Muth SQ, et al. A network-informed approach 
to investigating a tuberculosis outbreak: implications for 
enhancing contact investigations. Int J Tuberc Lung Dis. 
2003;7(Suppl 3):S486-S93. 

17. Fitzpatrick LK, Hardacker JA, Heirendt W Agerton T, 
Streicher A, Melnyk H, et al. A preventable outbreak of 
tuberculosis investigated through an intricate social network. 
Clin Infect Dis. 2001;33:1801-6. 

18. Sterling TR, Thompson D, Stanley RL, McElroy PD, 
Madison A, Moore K, et al. A multi-state outbreak of 
tuberculosis among members of a highly mobile social net- 
work: implications for tuberculosis elimination. Int J Tuberc 
Lung Dis. 2000;4:1066-73. 

19. Barnes PF, Yang Z, Preston-Martin S, Pogoda JM, Jones BE, 
Otaya M, et al. Patterns of tuberculosis transmission in 
Central Los Angeles. JAMA. 1997;278:1159-63. 

20. Jackson AD, Seager AL, Reid ME, Doig C, Forbes KJ, 
Laurenson IF, et al. Characterising transmission of a tuber- 
culosis genotype in Scotland: a qualitative approach to 
social network enquiry. Int J Tuberc Lung Dis. 2009; 13: 
486-93. 

21. Klovdahl AS, Graviss EA, Yaganehdoost A, Ross MW, 
Wanger A, Adams GJ, et al. Networks and tuberculosis: an 
undetected community outbreak involving public places. Soc 
Sci Med. 2001;52:681-94. 

22. Andre M, Ijaz K, Tillinghast JD, Krebs VE, Diem LA, 
Metchock B, et al. Transmission network analysis to comple- 
ment routine tuberculosis contact investigations. Am J Public 
Health. 2007;97:470-7. 

23. Cook VJ, Sun SJ, Tapia J, Muth SQ, Arguello DF, Lewis BL, 
et al. Transmission network analysis in Tuberculosis contact 
investigations. J Infect Dis. 2007;196:1517-27. 

24. Kistemann T, Munzinger A, Dangendorf F. Spatial patterns of 
tuberculosis incidence in Cologne (Germany). Soc Sci Med. 
2002;55:7-19. 

25. Bishai WR, Graham NM, Harrington S, Pope DS, Hooper N, 
Astemborski J, et al. Molecular and geographic patterns of 



Citation; Int J Ciroumpolar Health 2012, 71: 18643 - http://dx.doi.org/10.3402/ijch.v71i0.18643 



5 

(page number not for citation purpose) 



Victoria J. Cook et ai. 



tuberculosis transmission after 15 years of directly observed 
therapy JAMA. 1998;280:1679-84. 

26. Moonan PK, Bayona M, Quitugua TN, Oppong J, Dunbar D, 
Jost KC Jr, et al. Using GIS technology to identify areas of 
tuberculosis transmission and incidence. Int J Health Geogr. 
2004;3:23. 

27. Gardy J, Johnston JC, Ho Sui SJ et al. (2010) Whole genome 
sequencing and social network analysis of a tuberculosis 
outbreak. N Engl J Med. 2011;364:730-9. 



'Victoria J. Cooi< 

TB Services for Aboriginai Communities 

TB Control, BCCDC 

655 West 1 2tli Avenue 

Vancouver, BC V5Z 4R4 

Canada 

Emaii: victoria.cool<@bccdc.ca 



6 

(page number not for citation purpose) 



Citation: Int J Circumpolar Health 2012, 71: 18643 - http://dx.doi.org/10.3402/ijch.v71i0.18643 



